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A STUDY OF LEMANEA IN INDIANA WITH 
NOTES ON ITS DISTRIBUTION IN NORTH 
AMERICA' 
H~v C. :MER\'J:.'-I Y'\LMER 
Collections 0 f the fresh-water alga, Lernanea, were made by the 
writer in 1930, in Jackson and Lawrence counties, Indiana. In at­
tCll1pliEg to idcntify this material, considerable di Uiculty was en­
countered for it did not agree with published descriptions of any 
specits. l\ot only did the taxonomy of the alga constitute a problem, 
but, as other locations for the plant were discovered, it became ap­
parent that thc alga was widtly distributed over the southern part 01 
the state, and a study of its distribution in that area was begun. 
,\pproxirnately 150 collections have been made in Indiana from 81 
locations in 18 counties. All of these have been studied with particu­
Jar :\tttntion to characters 0 f taxonomic importance, together with a 
considtration of their distribution in relation to geological formations. 
In accumulating specimens of the genus from elsewhere for compari­
son "':Jth those fr0111 Indiana, many new and unrexorded locations and 
ohservations 0 f taxonomic interest for it over the country have been 
l'("veClled. 
Lelllanea was narned in honor of the French botanist, Dominique 
Scba~tian Leman. who lived from 1781 to 1829. The genus name 
was fIrst uscd by Bory in 1805 hut in a broader sense than it is now 
recognized, the present description being that first given to it by 
!\gardh in 1828. The genus contains two subgenera, Sacheria and 
Eulemanea. Sacheria has an theridia in papillae; carpogonia and 
carpospores are developed primarily in the nodal zones and the cen­
tral filament in the sexual shoot is naked, that is, it is not closely sur­
rounded by other filaments. Eulemanea, on the other hand, has 
antheridia in continuol1s or broken bands, one band on each node; the 
carpogonia and carpospores are developed primarily in the internodes, 
and the central filament of the sexual shoot is tightly inclosed by a 
group of spirally wound filaments. These distinctions are so constant 
that no eli ff iculty is encountered in separating plants into the two 
subgenera.
_._--­
':\ portion of a thesis submitted to the Faculty of the Graduate School in 
partial fulfillment of the requirements for the degree, Doctor of Philosophy, in 
the Department of Botany, Indtana University. 
Atkinson (2, 3) has contributed most to the taxonomic ~tudy of 
the .American forms of Lemanea. although both \"food (21) and 
V\folle (20) had previously listed a few locations for the alga in the 
Unitecl States. The earliest collections of Lemallea for North 
America were stated by Atkinson (3) to be those from Kentucky 
by Dr. Peter in 1834 and Dr. Short in 1842; but there is to be found 
in th~ first section of volume 2 of Agardh's Species Algarum, which 
was published in 1828 (I), a description of "Le11lania var-iegata" 
collected in ?<orth America on exposed rock in a river in Virginia, 
anel ~('nt to Europe by Muhlenberg. This was probably the early 
Pennsylvania botanist, G. H. E. Muhlenberg, who lived from 17S3 to 
181S. Agardh's description of this material indicates that it belongs 
to th~ subgenus Sacheria. If American plants of this subgenus 
should again be separated into a species distinct from the European 
material, this name, L. ·var·icgata, probably should receive precedence 
over any Inore recent one. The writer has found one specimen of 
Lemanea from Muhlenberg's collection of plants which is in the 
herbarium of the Philadelphia Academy of Natural Science. The 
label on the specimen gives no information as to its origin. but one 
can p~esu111e that it is the collection made in Virginia and referred to 
by Agardh. 
Taxonomic work on the genus has been listed, and even today 
there is no agreement as to the number of species represented. 
European writers have generally recognized from five to seven 
species of the subgenus Sacheria and five species of Eulemanea. 
Atkinson (2, 3) has combined some of the species of Sacheria and 
described additional species of Eulemanea so that North America 
is generally credited with two species in Sacheria anel eight species 
in Eulemanea. Atkinson's reason for comhining the several species 
of Sacheria for North America was that plants available showed no 
distinct lines of demarcation in the characteristics which have been 
emphasized in Europe as bases for the separation of the species. 
The ten species listed for North America are L. fluvialilis (L.) 
Ag., L. fuc£na Bory, L. anmr.lata Klitz, L. austral'is Atk., L. catena-to, 
Kiitz., L. grand£a (Wolle) Atk., L. l1'l.e.-..:ica.na Kiitz., L. nodosa 
Klitz., L. pleoca.rpa Atk., and L. lorulosa Sirodot. The first two be­
long to the subgenus Sacheria and the other eight to Eulemanea. 
The disting'uishing features of the several species (as interpreted 
by the writer) are as follows. The sexual shoot of L. flu'viatilis is 
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violet in color and the carpogonia and carpospores are developed in 
both the nodes and internodes. In L. /wi1ta, as described by Atkin­
son (2), the sexual shoot is green and the carpogonia and carpo­
spores are limited to the nodes. L. o-nnula.ta has a sexual shoot which 
is deeply and evenly undulate; the wall is delicate and appears thin, 
and the antheridial ring is wide and lighter in color than the 
surrounding tissue. L. australis has a sexual shoot variable in sur­
face form, green in color, and with an antheridial band which varies 
in width and margin. One outstanding characteristic of this species 
is that the Chantransia filament increases in diameter from 30 mi­
crons at the base to the unusual width of 50-120 microns at a distance 
above the base. L. wle-nala is characterized by its abrupt and some­
what a'ngular nodes and cylindrical internodes, is olive-green to violet 
in color, and has narrow antheridial bands with irregular margins. 
L. gmndis has a plane to slightly undulate margin, is olive-brown in 
color, and the antheridial band is broad, Its carpospores are large 
in size, and the wall of the sexual shoot is rigid on mature specimens 
and brittle when dry, L. lnc.t:icana is similar to L. grandis in surface 
form, COlOf, and antheridial band. The texture of the wall of the 
sexual shoot, however. is subcartilaginous and the carpospores are 
not described. l.. nodosa has a medium to deeply undulate surface, 
although the nodes may frequently be knotty, that is, abrupt and with 
an irregular surface. It is black-violet in color, and the antheridial 
ring' is broad and with an irregular margin. L. pleowl'pa, has a shal­
lowly undulate surface and is probably violet in color. Its anther­
idial band is variable in width and regularity of margin. The out­
standing characteristic is that while the procarps are more abundant 
in the internodcs, they are also present in the nodes. L. torulosa has 
a plane to shallo~ly undulate surface: the color is olive, and the 
antheridial rings are narrow, irregular in margin and are often 
discontinuous, 
Few workers find it possible to idcntify with any degree of as­
surance the American specimens of Lernanea species. With one 
exception, the American collections of Sacheria are placed by Atkin­
Wll (3) in the species 1.. .f /hina, and yet the material varies to such 
all exten t that it covers the description of several European species. 
There are several collections which also show very definitely an inter­
mediate condition between L. {uchw, and the other species of Sacheria 
listed for America. L. fll(~'i(/I ilis. In the other subgenus, the identi­
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fications are no less confusing. All Eulemanea collections from the 
sOlltheastern states have been listed as L. austral·is by Atkinson, pri­
marily because of their proximity to the location for the type material 
of that species. Much of the material from the central Atlantic 
coast states also has been given only tentative identification, generally 
as L. londosa. 
Thc confusion of species is particularly eyident in material col­
lected in Indiana. In 1897, Cnderwood (19) published a list of 
cryptogams for Indiana which included Le·m(J.l'r,ea catenata from Eel 
River Falls, now known as Calaract Falls, Owen county, Indiana. 
Duplicate material of this collection was widely distributed for it was 
placed by Collins, Holden and Setchell as number 237 in the exsiccati 
of North American algae, cntitled Phycotheca Boreali Americana. In 
1931, Atkinson (3) listed Underwood's Lemanea as L. a.rmulata 
with the stalement that "this material was formerly determined as 
L. catenata. but a re-examination shows that it is L. o1'l1ndota.." In 
1932, B. H. Smith (18) listed Lemanea from the same locality in 
Owen county as L. torulasa.. In 1933, Palmer (12) listed several 
locations for the alga in Indiana and suggested that six species, L. 
(l1/:nulata, L. role-nata, L. nodosa, L. pleorm'pa, L. 101'u./osa. and L. 
a.ustmlis were apparently represented in the state. In 1934, several 
collections of Indiana Lemanea were sent by the writer to Dr. H. 
Skuja, who identified most of them as L. nodasa, and allowed others 
to remain as L. ca.tena.ta. and L. pleocarpa.. Atkinson (3) has desig­
nated material from the neighboring state of Kentucky as the type 
material of L. pleocarpa. 
1t became apparent that the plant in Indiana varies considerably 
even in the same locality and that it has several of the outstanding 
characteristics of five or six of the species of Eulemanea. The light­
colored antheridial ring of L. ol'mulata, occasionally the cylindric in­
ternodes and abrupt nodes (the "dumb-bell" surface form) of L. 
eatenata ami the deep undulate form, together with wide irregular an­
theridial rings of L. 1wdosa, the occasional presence of carpogonia 
and spores in the nocle, as in L. pleocarpa, and the small olive-brown 
forms with almost plane surface, as in L. tomlosa, are all to be found 
in Indiana collections. Many examples of the occurrence of several 
of these distinctive characteristics of the different species on a single 
sexual shoot have been encountered. 
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Thus, the Indiana material does not appear to fit exactly any of 
the species so far described and pending a detailed study of more 
specimens, particularly from sontheastern United States and from 
Europe, its taxonomic status in relation to other species is being left 
undecided. It is found to be rcadily divided into two related types. 
These two types are here designated as the "Becks Mill" type and 
the "Jackson" type, The former is the more common, being found 
at 77 of the 81 stations in Indiana, in two stations in Kentllcky and 
one in Tennessce. The Jackson type resembles the other except that 
it is early maturing, dwarf and less deeply undulate. It is limited to 
four stations, onc in Jackson county and three j l1st across the connty 
line in Lawrence county. In the discussion which follows, the two 
types are considered separately only when the characters in which 
they eli £fer are bei ng considered. 
RANGE IN VARIATION OF TAXONOMIC CHARACTERS 
OF LEMANEA IN INDIANA 
In the present work a taxonomic study of approximately 150 col­
lections of Lemanea from Indiana has made it possible to determine 
the range in variation of characteristics which have been l1sed pre­
viol1sly to differentiate between the species, At several locations in 
the state, material has bcen collected at eli fferent seasons of the year 
and a fairly complete record of the development of the plant, there­
fore, is available. In addition, a study of over 150 collections ob­
tained from other states and Emope has made it possible to compare 
the Indiana material with that of all other American, and some of 
the European species. 
Obscrvations have been made and records kept with reg'a.rc1 to 
thc following charactcristics of all Lemanea specimens studied: 
Sexual shoot: color when wet; color when dry; maximum 
length; common length; range in diameter of node; rangc in length 
of internode; surface form; attenuation of hase; branching; number 
of rows of cells in the wall; thickness of wall; character of the cen­
tral strano 
Anther'idial n:llg (01' popillae): diameter when young (when 
antheridia are prescnt) ; diameter when old; form; margin; color; 
distinctness. 
Carpospol'es: abundance; location; shape; diameter; length; time 
of appearance; time of maturity; time of germination. 
5 
Fil(l.11'J,enlous (Chantransia) stage: abundance; color; branching; 
form; height; diameter; origin of sexual shoots, 
Colm' of the sexual shoot. When the sexual shoot of Indiana 
Lemanea is first developed in the fall or winter it is green, but soon 
changes to green violet. This color remains from late November un­
til late spring, at which time the shoot begins to turn brown. While 
the brown color is not uue entirely to the carpospores, its appearance 
coincides with their development. During the early part of the sum­
mer, the shoot is brownish-violet but by J lily, most of the violet has 
disappeared and the shoot is brown for the remainder of its exist­
ence. Shoot~, when dried, become dark and the violet color is more 
likely to he evident than it is in the fresh specimens or in those kept 
in liquid preservatives, The older shoots, when dried, are brown to 
black, although some of the violet color may often be present espe­
cially near the base, 
In collections representing the Jackson type, the change from 
green-violet to brown occurs about the end of April, one month 
eadier than in the Becks Mill type, Table I indicates the differences 
in the time of color change in the two types, 
Very few early spring collections of Eulemanea outside of In­
diana are available for comparison with the Jackson and Becks Mill 
types. Theoretically, L. austral'is, L. torulosa and probably L. gm-ndis 
and L. 1'IU?xican-a are some shade of green during the spring, while 
L. annulata, L. catenata, L. nodosa and possibly L. pleocarpa. are more 
commonly violet. The shoots of all species of Eulemanea become 
brown to black during the summer. 
In the subgenus Sacheria, practically all American material is 
green with only an occasional evidence of the violet tint. The green 
does not give way to brown until late in the summer. The European 
collections of Sacheria studied are violet in most cases and are seldom 
TABLE 1 
Time of color change in sexual sboots of Lamanea ill Indiana, 
Colo( of sexual shoot 
Month Jackson type Becks Mill type 
November Green "--C;:~---- ,-­
February Green-violet Green-violet 
April Brown-violet Green-violet 
May Brown Brown-yiold 
July Brown Brown 
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green. The violet color is present even in the mature shoots during 
the summer. Atki nson emphasizes this color di fference in distin­
guishing between the common European species, L. fluvia.til·is, and 
the common American species, L. fue-ina. 
Lel1gth of sexual shoots. Material from Indiana ranges in length 
of shoot from less than 1 cm to 20 cm. The longest specimens are 
not the very mature ones found in the fall but are those collected 
from March to J LIly, when approximately one-third of the. collec­
tions show a maximum length of 10 cm or moce. As a general rule 
the longest specimens are found in deeper water and in the larger 
streams. Shoots of the Jackson type are all short, never reaching 
more than 5 cm. 
Of the collections of Eulemanea outside of Indiana, only 3 have 
a maximum length of 9 cm or more, and 2 of these are from Ken­
tucky and Tennessee and belong to the Becks Mill type. Except for 
this type the Eulemaneas of eastern North America are short and 
seldom exceed 5 cm in length. In Indiana approximately one-half 
of the collections have a maximum shoot length of more than 5 cm. 
In the subgenus Sacheria the American material is short; in only 
one instance is the maximum length over 9 cm. This is in contrast 
to the European Sacheria where more than half of the collections 
studied have a maximum length of over 10 em. 
D·ia:m.('t~r of the nodes. The diameter of the nodes in the Indiana 
material is comparatively large, the maximum diameter in two-thirds 
of the collections being from 1-2 mm, and more than one-half of 
these are 1.2 mm or more. In the eastern states, exclusive of Indiana, 
the only collections of Eulemanea with nodes larger than 1.1 mm are 
those from Kentucky and Tennessee which belong to the Becks Mill 
type. The diameter of the nodes in Sacheria is small, the maximum 
diameter in most of the material being about 0.5 mm. 
In Indiana the larger diameter of the nodes is associated with 
greater length in the shoots. Measurements of the maximum di­
ameter of the nodes and the length of the shoots indicates a relation­
ship between the two which is shown in table II. 
The relationship between these two factors is, of course, not a 
rigid one. Actually the maximum diameter of the nodes will tend 
to vary for any given length of the shoot. The table indicates the 
range in the maximum diameter of the node for the collections show­
ing the different maximum lengths of the shoot. 
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14 
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length 
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in em. 
2.01.81.61.41.21.00.80.6 
Maximum diameter of the node, in mm 
0.40.2 
The most common maximum diameter of the node for collections 
showing a maximum length of shoot of 2 cm is 0.6 mm and this di­
ameter increases with increasc in length of shoot until a length of 
14 cm is reached, when the most common maximum diameter of the 
node is 1.6 mm. 
Range in maximum diameter of the nodes in relation to the length of the 
sexnal shoot in Indiana Lamanea 
8 
Le'ngth of the intC1'rlOde. The maximum length of the internode 
for collections in Indiana varies from lcss than 0.5 mm to 5 mm and 
in general increases with increasc in the length of the shoot. The 
range and the most common maximulU internode length for different 
maximum lengths of the shoot are shown in table III. Thus when 
the maximum length of the shoot is only 2 em, the maximum length 
of the internode is between 0.5 and 2 mm and is commonly 1 mm. 
At the other extreme, when the maximum length of the shoot is 14 
cm, the maximum length of the internodc is 3-5 mm, commonly 3.5 
nun. The same relationship is found for the Eulemaneas outside of 
Indiana, indicating that the length of the internode is not a criterion 
to be used in distinguishing between species unless one species is 
characteristically long and the other short in length of the shoot. 
Max. 
length 
of 
shoot, 
III cm 
The lines of x's indicate the range in the maximum diameter of the node 
in the different collections studied. The large X's represent the most common 
maximum diameter of the node. 
2 xxxxxxxxxJtXXXxxxxxxxxxxxxx 
4 XXxxxxxxxxxxxxXXXXxxxxxxxxxxxxxxxxxx 
6 xxxxxxxxxxxxxxXXX~xxxxxxxxxxxx 
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12 xxxxxxxxxxxxXXXXXxxxxxxxxx 
14 XXXxxxxxxxx 
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Relation of maximum length of internode to maximum length of shoot 
in Indiana collectious of Lemanea 
Maximum Maximum length of internode, in mm. 
length 
of shoot 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
in em. 
2 xxxxXXXxxxxxxxxx 
4 xxxxxxxXXXXXxxxxxxxxxxxxxxxxxxx 
6 xxxxxxxxxXXXXXxxxxxxx 
8 xxxxxxxXXXXXxxxxxxxxx 
10 xxxxxxxxxXXXxxxxxxxxx 
12 xxxxxxxxxxXXXXXxxxxxxxxxxx 
14 xxxxXXXxxxxxxxxxxxxxx 
The range in the maximum length of the internode is shown by the lines 
of x's. The large X's show the maximum length of the internode whieh is most 
common for each maximum length of the shoot. 
Surface form of sexual shoot. In the various species of Eule­
manea the' surfaee of the sexual shoot may be plane, shallow-, 
medium- or deep-undulated, or shalIow-, medium- or deep-"dumh­
bell-shaped." In the undulate forms the crests of the nodes may be 
rounded and smooth or they may come to a ridge; in the dumb-bel1­
shaped forms the knobs may be smooth or gnarled. The character 
of the surface has been much emphasized in distinguished species as 
the following list showing the typical condition for each (as inter­
preted by the writer) indicates: 
L. grondis-plane (to shallow undulate) 
L. to·rulosa-shallow-undulate (to plane) 
L. pleocarpa-shallow-nndulate (to medium-undulate) 
L. annulata-medium to deep, smooth-undulate 
L. nodosa-mediurl1 to deep, smooth to ridged-undulate 
L. calel1ala-medium, ridged-undulate to dumb-bell-shaped 
L. australis-medium to dee'p, smooth-undulate with tip and base 
almost plane. 
The Indiana collections show sexual shoots which are most of len 
medium, smooth-undulate, resembling L. Qnttulafa and L. 'Hodosa in 
t}ljs respect. The]ackson type, however, is definitely shallow-undu­
late as in L. torulosa. In the collections of the Becks Mill type, on(' 
finds frequently, in addition to the most common form. the deep­
undulate, and the shallow- to deep-dumb-bell-shaped thalli with both 
the smooth and the g'narled surface at the node. The tips of the 
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EXPLAN ATION OF flG"l'R ES 
Figure 1.	 Indiana Lemanea, Becks Mil! type, spring condition. The sexual 
shoot was collected in March, at Becks Mill, \Vashington county, 
Indiana. It has distinct antheridial rings at the nodes. Camera lucida 
drawing. (a) Tip of sexual shoot. (b) Portion below the tip. 
(c) Middle portion. (d) Basal portion. 
Figure 2.	 Indiana Lemanea, Becks Mill type, SLimmer and autumn condition. 
Collected at Becks Mill, Washington county, Indiana. Camera lucida 
drawings. (a) Middle portion of sexual shoot collected in May, 
showing young cystocarps in the internodes. (b) Middle portion of 
sexual shoot collected in September, showing matnre cystocarps in 
the internodes. 
Figure 3.	 Indiana Lemanea, Jackson type, early spring condition. Material col­
lected in March, from Guthries Creek, Jackson county, Indiana. 
Antheridial rings are visible at the nodes. Camera lucida drawings. 
(a) Tip of sexual shoot. (b) Middle portion. (c) Basal portion. 
Figure 4.	 Indiana Lemanea, Jackson type, late spring condition. Material 
collected in April, from Guthries Creek, Jackson county, Indiana. 
Masses of maturing cystocarps are present in the internodes, causing 
them to bc dark iu color. Antheridial rings are no longer visible. 
Camera lncida drawings. (a) Middle portion of sexual shoot. 
(b) Basal portion. 
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shoots are very often dumb-bell-shaped. Thus the Indiana material 
varies from the L. torulosa [arm, through the L. lwdosa and L. a1'l­
wdala forms to the L. mlenata form. With such variation, it can be 
seen why the Indiana material has been identified at various times 
as each of the above species. 
Figures 1-4 show the surface form of the sexual shoots in the 
two types of Indiana Lemanea. In figure 1, the shoot of the Becks 
lIJill type is seen to have the medium-undulate surface, with the ex­
ception of the tip, where, in the specimeu shown, it is almost plane. 
In fig-me 2. material frOITI the same location is shown as it appears 
dming the summer and fall, the cystocarps in the internodes being 
visible through the wall. The surface of the shoots tends to remain 
UllduJate. Figure 3 shows the young shoots of the Jackson type, 
where the surface is shallowly-undulate. The cystocarpic strands 
of this early maturing type, as illustrated in figure 4, were collected 
in April. . 
Base of sexual shoot. All species of Eulemanea are alike in the 
absence of a distinct basal stipe and the Indiana types of Lemanea 
are typical of Eulemanea in this respect. In the Sacheria material 
studied, the base is generally stipitate, the stipe being cylindrical 
with a sudden increase in the diameter of the shoot from the stipe 
to the fruiting portion above. 
Branrhl:l'Ig of Ihe sexual shoaf. In some species of Sacheria 
abundant branching of the sexual shoot is found, but branches are 
absent or rare in Eulemanea. I'll Indiana, branches are found in 
about one-fourth of the collections but they are never numerous and 
often appear to have been developed in response to an injury to the 
sexual shoot, for they are short, abrupt in their origin and in most 
cases are near the tip. The shorter sexual shoots are almost always 
unbranched. Branches are absent in the Jackson type and are very 
rare in the Eulemanea outside of Indiana. 
In the European Sacheria, only one collection of the 19 studied 
lacks branches, and the branches are generally abundant and well 
distributed. In American Sacheria, branches are often present but 
they are seldom numerous. 
Texture of the sexual shoot. The inner part of the wall of the 
sexual shoot is composed of 2-3 layers of larg'e cells which, in most 
species of the genus, are compactly arranged: but in the specimens of 
L. annula.ta from western North America, the writer has observed 
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that these inner cells of the wall are more loosely aggregated. This 
canses the wall to appear thin and delicate or "papery'" lVleasure­
ments show that the wall in the western specimens is as thick as in 
the other species, and the thin appearance of the wall in L. anl1ulata 
is due solely to the loose arrangement of the cells. 
The Indiana Lemanea is not of the L. 011-n1l1a,la, type but has a 
leathery- texture and the inner part 0 f the wall ~hows cells which are 
compaCtly arranged. Frequcntly, the shoots are also quite slimy, 
especiallfin the spring, and their tips are likely to stick to paper on 
which they are being dried. 
" . 
Antn.el'idial r·ing. Th~, il.l1theridial ring at the nodes of the sexual 
shoot is of considerable taxonomic signific.ance in the Indiana 
material because it shows a white or yellow color during the period 
in the spring when the antheridia are functioning. Since L. annula.ta 
is the only species described with a light-colored ring, it is probably 
this character more than any other which caused Atkinson to con­
sider Indiana Lemanea as L. mmulata. However, the ring for that 
species is wide and has an even margin, while Indiana specimens 
have a ring which is highly variable in width and whose margin is 
commonly irregular, (figure 1). 
The light color of the ring is present from February nntil early 
in May in the Becks Mill type and until the middle of April in the 
Jackson type. In the late spring the antheridia disappear and the 
rings change to a brown color and are then darker than ~he surround­
ing tissue. The brown ring tends to become less distinct with age. 
The rings are generally continuous bnt in many of the collections, 
incomplete rings may be present on some of the nodes. A study of 
young shoots indicates that antheridia first develop in small isolated 
spots on the node and these spots enlarge nntil they merge to form 
the continnous ring. 
The width of the antheridial ring in the Indiana material varies 
over a large range which is much greater than that for any other 
eastern American Eulemanea. In one-third of the collections from 
Indiana, the maximum width of the ring is intermediate between the 
narrow ring of L. torHlosa and the wide ring of L. annulata, L. no­
dosa. and L. catena.ta; that is, it is between 200 and 300 microns. 
However the range in width for all of the Indiana specimens is from 
less than 100 microns to more than 600 microns. 
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Lowtion of wrpogonia. Carpogonia are normally present, in 
Indiana material only in the internodal zones, but in a few collections 
they are present in the nodes as well as the internodes. This more 
general distribution of the carpogonia and cystocarps is to be found 
in one collection from Clark county, two from Decatur, two from 
Owen, and one from Ripley county. This characteristic was con­
sidered by Atkinson to be so distinctive that he described a new 
species, L. pleowrpa., on the basis 0 fits presence in a few specimens 
of Eulemanea from Kentucky. From the observations made in In­
diana, it seems probable that the more general distribution of the 
carpogonia in Eulemanea merely represents an occasional departure 
fro111 the normal condition in which carpogonia are restricted to the 
internodes, and that it is not a distinct type to be separated as a new 
species. 
Carpospores. In Indiana material carpospores begin to appear in 
some collections about the first of April and by the end of that month, 
all collections show them to' be present. During May, most of the 
spores appear to be young, that is, they are still attached in filaments 
and their walls are thin. By July, many appear to be mature, with 
heavy walls and dense protoplasm. Germinating spores within the 
sexual shoots are frequently found from September until February. 
One, and sometimes two germ tubes per spore are produced. In the 
early-maturing, dwarf type, here called the Jackson type, germinat­
ing spores are seen in material collected as early as May and even 
during the last of April. 
The spores are found in abundance and, while they are commonly 
oval, spherical, ovate, cylindric and irregular forms are also present. 
They differ in particular from the spores of L. fucina which are el­
liptical anel quite uniform. Mature spores of Indiana Lemanea aver­
age from 23 to 33 microns in diameter and from 27 to 41 microns in 
length. However the size is variable and is founel ordinarily to range 
from 16 to 45 microns, with two collections showing a still greater 
maximum diameter. One of these two collections was made in late 
May in Crawford county. The immature spores were 22-66 microns 
in diameter and 44-61 microns long. They appeared to be normal in 
every way except in size. In the other collection, made in western 
Lawrence county in May, the spores reached a maximum diameter 
and length of 90 microns, but it is quite evident that this enormouS 
size was due to the presence of a parasitic fungus whose spores and 
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Again it may be signi ficant to note that the one particularly important 
characteristic of L. grandis which supposedly separates it from such 
closely related species as L. tonelosa and L. australis is its large spore 
size. We have, in Indiana material, good evidence that spore size 
varies wi thin a species more than has been previously suspected for 
'the spores in I ndiana more than cover the range of size described 
for all other species of the genus combined. 
Cltmltmnsia stage. The filaments (Chantransia stage) produced 
f1'0111 the spores grow to a height of 1-4 mm in Indiana. They are 
abundant irom the first of February until the middle of April and 
can be fOllnd to some extent both before and after that period. The 
color of the filamcnts ranges through various shades of green and 
violet. In many cases the filaments are little branched, but in other 
cases branches are numerous, alternately arranged, and with a tend­
ency for the upper branches to be clustered and unilateral. While 
the diameter of the filament is not constant throughout, the change 
is gradual and not abrupt, the greatt'st diameter generally bei ng ncar 
the base while the tips of the branches have the smallest diameter. 
A considerable number of specimens observed had a maximum di­
ameter of 29 to 33 microns although filaments with portions having 
a diameter as small as 12 microns and others with a maximum of 45 
microns have been measured in the Indiana material. No abrupt 
change f rom wide main axis to narrower branches is seen, as is de­
scribed for L. nodosa; and no change from a narrow filament at the 
base to a much wider one near the tip is present, as is charactcristic 
of L. a:ustrcrhs. 
Origin of the sexual shoot. The sexual shoot arises as a lateral 
hranch of the Chantransial filament. This branch may be located 
at the base, or j list above the base, or, in a smaller number of cases, 
in the upper part of the filament. In all species of Eulcmanea, the 
most COm01011 origin of the sexual shoots is the basal; and this is 
found to be the case in the Indiana material, for in thc collections 
where the origin of the sexual branch can be observed, basal origim 
are present in about two-thirds of the cases. Some of tbe collections 
show sexual shoots originating at more than one position on the 
filaments. 
There seems to be a tendency for the material from the more 
southerly counties (Jefferson, Scott, Clark, Harrison and Ripley) 
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to have sexual shoots at the base of the Chantrallsial filaments, while 
that from the more northerly counties shows them more often above 
the base. This latter condition is particularly pronounced in collec­
tions from Bartholomew county and from Cataract Falls in Owen 
county. 
fIo,bita!. At all of the 81 stations where Lemanea has been found 
in Indiana, the stream beds have been composed either of solid rock 
or of rock fragments sufficiently large to prevent them from being 
readily moved by the rapidly flowing water. The size of the stream 
varies from large to rather small, shallow streams found in several 0 f 
the COllnties. Invariably the alga grows where the flow of water is 
swift and where the stream is comparatively shallow. At Becks Mill, 
Washington county, the alga grows attached to the top of an iron 
pipe continually wet by the spray, as wen as on the rocks in the 
stream bed nearby. 
DISTRIBUTION OF LEMANEA IN RELATION TO 
GEOLOGICAL FORMATIONS IN SOUTHERN INDIANA 
The large number of stations for Lemanea in Indiana has made 
it possible to consider the distribution of the genus in relation to the 
geological character of the substratum. Lemanea requires a com­
paratively uncommon habitat with a hard substratum, a swift current 
of water, and in most cases, a stream with a continuous flow of water 
throughout the year. The northern half of the state is covered with 
a deep layer of glacial drift, and consequently, there are few areas 
where water flowing swiftly over bedrock can be found. Lemanea 
is apparently' absent from all of the northern half of Indiana. 
In the southern half of the state, the glacial dri it either is absent 
or forms only a thin layer, which many of the streams have cut 
through. Much bedrock is, therefore, exposed and there are 
numerous rapids and small waterfalls present along the courses of 
the streams. Several geological formations are exposed in this part 
of the state. On the eastern boundary is the Ordovician. Going 
westward, the other formations encountered are the Silurian, De­
vonian, Mississippian and Pennsylvanian. Some of these are com­
posed principally of limestones and shales while others contain sand­
stones, conglomerates and coal seams. Limestones are very abund­
ant in the Ordovician, Silurian. lower Devonian and upper Mississip­
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pian formations. The upper Missis:;ippian inc1l1des the Harrods­
burg, Salem, Mitchell and Che~ter series. The upper Devonian is 
primarily shale while the lower Mississippian. which is known as the 
Borden or "Kr.obstone" series, is composed of sandstones and shales 
and only a small ;\l11ount of limestone. The Pennsylvanian forma­
tion is primarily one of coal. intermixed with sandstones. shales, con­
glomerates and some limestones. 
Streams with rapids and solid rock beels are found Oil all of the 
geological formations although they are more common on the lime­
stones. For several years a search has been made in the southern 
half of Indiana for all possible locations where Lemanea might be 
growing. Of the 81 locations found, all are in hard limestone re­
gions. There are 58 of these on the Si1llfian and lower Devonian 
formations in the eastern half of southern Indiana and 23 on the 
upper Mississippian formation in the western haH (map I). 
Lemanea is absent from the upper Devonian and the Pennsylvanian 
formations, and except for their extreme western borders, is absent 
from the Ordovician and the Borden formations. 
A few of the stations listed above are actually just beyond the 
eastern borders of the Silurian and the upper Mississippian forma­
tions but the streams in which these stations are located have their 
origins in the formations where the other stations are fOllnd. 
Thus the alga in Indiana is limited in habitat to regions 0 f certain 
hard limestones in or bordering on the Silurian, lower Devonian and 
upper Mississippian formations. It is not found on most of the 
limestones 0 f the Ordovician, Borden and Pennsylvanian formations. 
It is not found on the sandstones, coals, conglomerates and shales of 
any of the formations. 
It would appear that the rock formations stimulate or prevent the 
growth of Lemanea by influencing the physical and chemical nature 
of the water in the streams. The relations between the alga and the 
geological formations would, therefore, be an indirect one. This is 
indicated by the fact that on these formations, but not elsewhere, 
Lemanea has been fonnd growing on soil, iron piping and shell. 
The reasons for the alga being limited to certain geological for­
mations are not yet understood. It does not grow in the rapids of 
all rockbottol11 streams, even when the rock is limestone, as is indi­
cated by its absence f rom all except the extreme western border of 
the Ordovician formation. No trace of Lemanea has been found in 
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Switzerland, Ohio and Dearborn counties nor in the eastern part of 
Franklin county, although there are many places in these counties 
where water flows swi ftly over Ordovician limestone. 
The limited distribution may possibly be due to the presence or 
absence of small amounts of certain chemicals, such as magnesium, 
sodium or silica, which would vary in amount in the water according 
to the composition of the rock over which the stream flows. Rosen­
berg (15) has claimed that in the germination of spores of Lemanea 
in artificial culture media, certain precautions must be taken to en­
sure successful growth. He found that purity of the medium both 
in the chemicals and the clistiiJecl water w·ed, the cOllstitL~ti()n ()f tht 
glassware, and the effects of temperature and light are ·of chief 
importance. This sensitivity of the spores to chemicals would in 
itself be sufficient to limit the distribution of the alga in nature. 
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A study 0 f the geological map of Indiana indicates the possibility 
that Lemanea may eventually be found in several additional counties 
where the Silurian, lower Devonian and upper Mississippian forma­
tions are exposed. These include southeastern V'/ayne, northeastern 
Union, western Fayette, southern Rush, western Morgan and east­
central Parke counties. It does not seem probable that the Indiana 
types of the genus will be found in nortbern Indiana, western Ohio 
or eastern Illinois, for in these areas, the proper geological forma­
tions are not exposed to the surface. However, in Kentucky and 
Tennessee, extensive exposures of the Silurian, Dvonian and upper 
Mississippian are present, and the Indiana types of Lemaflea will, in 
all probability, be found. In fact, three stations, one in Tennessee 
and two in Kentucky, have already been located, and they appear to 
be situated on hard limestones which belong to the same geolog'ical 
formations as those which support Lemanea in Indiana. 
Other stations for Lemanea have been found in Kentucky on 
rocks of the Ordovician and the Pennsylvanian formations, but in 
every case, the plants belong to other species of the genus and are 
not of the Indiana types. 
Eventually, if a large number of stations for Lemanea can be 
found in Kentucky, the relationship of various species and types of 
the genus to geological formations will be well tested in that state. 
DISTRIBUTION OF LEMANEA IN NORTH AMERICA 
A considerable number of recent collections of Lemanea fromI
..	 North America have been made available to the writer for study and 
identi fication, and it is found t11at they extend the known rang'e of 
distribution, particularly of the subgenus Sacheria. The new records, 
together with those of Atkinson, Gordon, McInteer, Palmer, Smith 
and \!\Tolle have been referred to in determining the distribution of 
the genus. The two subgenera, Sacheria and Eulemanea, are con­
sidered separately. However, the distribution of the individual species 
is not emphasized due to the taxonomic confusion among them which 
at present exists. 
In the eastern part of the cOlJtinent, Sacheria is distributed from 
Mississippi north through the Appalachian region into New York 
and New England. where a western arm extends through Ontario 
into Minnesota and a northeastern arm passes through New Bruns­
wick into Nova Scotia and Newfoundland (map 2). Besides the 
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Canadian provinces mentioned above, the states involved are Min­
nesota, Maine, Kew Hampshire, Vermont, Massachusetts, Connecti­
cut, New York, Ohio, Pennsylvania, New Jersey (19), Maryland, 
Virginia, West Virginia, Kentucky, Tennessee, North Carolina, 
South Carolina, Alabama (19), Mississippi and Missouri (14). Ex­
Min­
necti­
land, 
rohna, 
Ex­
\
 
cepting for the arm extending into western Ont&rio and Minnesota, 
it is to be seen that the distribution of Sacheria is restricted to the 
general Appalachian Mountain region and that it is absent from the 
Atlantic coastal plain and the north central deciduous forest area 
south of the Great Lakes. Its distribution appears to be much the 
same as that for the eastern coniferous forest in Canada and the 
United States. 
In western North America, the stations for Sacheria roughly 
form a "C" and are located in 1\1011l:ana, British Columbia, V.,rashing­
ton, Oregon, California, Arizona and Colorado (map 2). It wonld 
seem probable that future co)[e(tions from the west will show the 
entire Rocky Mountain region to be included in the area Ot distribu­
tion 0 f Sacheria. 
The distri bution 0 f the subgenus Eulemanea in eastern North 
America is much more restricted than that of Sacheria since il does 
not extend into New England and Canada. However, it does extend 
west from the Appalachian Mountain region into central Kentllcky 
ancl southern Indiana. Its northern limit is in southwestern New 
York and it extends through Pennsylvania, Delaware, Maryland, 
Virginia, West Virginia. North Carolina, South Carolina, Georgia, 
Mississippi, Tennessee, Kentucky and Indiana (map 3). The fact 
that Eulemanea is recorded for Delaware on the east and Indiana 
on the west, indicates that this subgenus is not so closely restricted 
to the moun tai n region as is Sacheria. 
Unlike Sacheria, Eulemanea in eastern North America is divided 
into several species. L. g'/'G-ndis has been reported for New York, 
Pennsylvania and Delaware and thus covers the northern port of the 
range for the subgenus. L. torulosa, has been listed for Pennsyl­
vania, Virginia and Kentucky, and specimens from Maryland recently 
obtained might also be included in this species. L. australis is pri­
marily a species of the southern states and has been reported for 
)'1ississippi, Georgia, South Carolina, North Carolina, \Vest Vir­
g-inia and Maryland. Recent collections from Pennsylvania and Ten­
nessee appear also to belong to this species. L. ;h/eoco:rpa is reported 
for Kentucky and Virginia only. In Indiana all but four of the 
stations harbor the "Becks Mill" type of Lemanea; the other four. 
located in Jackson and Lawrence counties, are tbe sole locations for 
the "Jackson" type. There are two collections from Kentucky and 
one from Tennessee which belon"" ~' 'l~" "Becks Mill" type. 
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distribution of the subgenus is the spur which extends from the south
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through Kentucky and into Indiana. This area is free of Sacheria 
and the only Lemanea which is common here is the "Becks Milt" type. 
The sexual shoots of tbis type are larger in diameter and in length 
than those of the other species found. 
In Kentucky four Lemaneas are present. The"Becks Mill" 
type is limited to the same limestone formations on which it is found 
in Indiana; L. tomlo.m and L. pleocarpa are in the Ordovician re­
gion, while the one station for L. fztcina is on shale in the southeast­
ern Coal Measures area. 
Eulemanea in western North America is limited in its present 
known distribution to Washington, Oregon, California, Nevada and 
one station in Mexico (map 3). Three species are represented; L. 
meziC<l",,<l is the name given to the one collection from Mexico; 
L. catenata has four stations in California; L. annulata is recorded 
for all four states with several stations in California. As in the east, 
the distribution of Eulemanea overlaps that of Sacheria but extends 
farther south, while Sacheria extends farther north than the range 
common to both. Sacheria is also found in Montana, Colorado and 
Arizona where there are no records for Eulemanea and the latter 
is the only subgenus so far recorded for Nevada. Due to the com­
paratively few collections yet made in western North America, the 
recorded differences in distribution of the two subgenera there may 
be of little signii fcance. 
SUMMARY 
More than three hundred collections of Lel11anea, approximately 
half of which are from Indiana, have been studied with particular 
emphasis on the characters of taxonomic importance. Characters 
previously much emphasized in distinguishing between species are 
found to vary within wide ranges. This variation is particularly tvi­
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surface form, width of antheridial ring, location of cystocarps, size 
of spores and origin of sexual shoots. 
The Lemanea collected in Indiana is distinct from that found 
previously in other states of eastern North America. With few 
exceptions, it is comparatively large in size, and during the most 
active stage of growth the color of the sexual shoot is green-violet 
while the antheridial rings are lighter in color and tend to be white 
to yellow, changing later to brown. The rings vary in width from 
narrow to very wide and commonly have an irregular margin. The 
surface form of the sexual shoot, while most often medium-undulate, 
is quite variable, ranging from shallowly undulate to prominently 
"dumb-bell-shaped" with gnarled nodes. The base of the shoot is 
gradually attenuate and not stipitate. Branching of the shoot is 
occasionally observed. The wall has a leathery texture, is fre­
qucntly slimy when young, and is composed of cells which are 
compactly arranged. 
The Indiana Lemanea has cystocarps which are generally limited 
to the internodes but may occasionally be present also in the nodes. 
Carpospores become mature during the late spring and early sum­
mer and are found in abundance. Their shape and size are quite 
variable. Many of the spores germinate during the fall while still 
within the sexual shoots. In the Chantransia stage the filamentous 
growth is abundant, up to 4 mm high, green or violet in color, and 
with branches which are often unilateral near the tip. There is a 
gradual decrease in their diameter from the base to the tip. The 
sexual shoots are developed from various locations on the filaments. 
There are few new characteristics in Indiana Lemanea but the 
combination of characters which it shows is unique. It resembles 
L. nodosa and L. catenola in the green-violet color, large size, leathery 
texture and undulating to "dumb-bell-shaped" surface form of the 
sexual shoot. It resembles L. annulata in the white to yellow color 
of the antheridial rings. It conforms to L. pleocarpa in its occasional 
development of cystocarps in both nodes and internodes, and to L. 
grandis in the occasional production of, very large spores. Finally, 
Some Lemanea from Indiana resembles L. torulosa in its small size 
and the almost plane surface form of the sexual shoot. 
The Indiana material is in most cases readily distinguished from 
the other Eulemaneas growing in eastern North America since the 
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latter are almost always small in size, with less prominent nodes, and 
with dark-colored antheridial rings. 
\1Vhile Indiana material is similar to the most common western 
American species, L. annulala, in the light color of the antheridial 
ring and in the large size of the shoot, it lacks the delicate wall, and 
the very long and regular undulations of the sexual shoot, the regu­
lar margins and uni forml)' broad width of th5 antheridial rings, and 
the small clusters of sexual shoots which are important characters of 
L. a1'lrlulata. Atkinson's (3) final decision placing the Indiana 
material in this species is, therefore, not acceptable. 
Although resembling the European L. enteua/a more closely than 
any other species, the Indiana Lemanea differs in having light colored 
antheridial rings which vary in width and frequently are very wide. 
All specimens of Lemanea from Indiana collected so far are here 
grouped as two related types, designated as "Becks Mill" and "Jack~ 
son." The former, which is the more common, is large in size and 
resembles the European species, L. catenala, in its leathery texture, 
violet color, prominent nodes, occasional branching of the sexual 
shoot, and the unilateral, top-heavy branching of the Chantransial 
filaments. The Jackson type is dwarf and early maturing and re­
sembles L. torulosa in the smaller size and in the slightly undulate 
surface form. Both types resemble L. annu.lata in the light color_ 
of the young antheridial rings. 
Variation and intergradatiol1 of taxonomic characters occurs not 
only in the Indiana Lemanea but also in the specimens from eastern 
and southeastern United States. This suggests that some of the 
species distinctions previollsly drawn may be untenable. 
Eighty-one locations have been found for Lemanea in Indiana. 
These are restricted to hard limestone regions belonging principally 
to the Silurian, lower Devonian, and upper Mississippian forma­
tions. The Indiana types of Lemanea do not grow on other lime­
stones, on shales, sandstones nor in areas of deep glacial drift. 
Many new collections of the several species of Lemanea have 
made it possible to trace the distribution of its two subgenera in 
eastern and western North America. The subgenus Sacheria ex­
tends farther north than does the subgenus Eulemanea. Sacheria 
is now reported for twenty-six states in the United States and five 
Canadian provinces. Eulemanea is reported for seventeen states and 
one locality in Mexico. 
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